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The performance c a p a b i l i t y  o f  t h e  Apollo 15 launch 
v e h i c l e  has been determined a t  MSFC f o r  both  s i n g l e  and d u a l  
s imultaneous f a i l u r e s  of t h e  S - I C  and S-I1 s t a g e  engines .  The 
r e s u l t i n g  d a t a  a r e  presented  i n  t h e  form of b a r  graphs  i n  
F igu res  1 -4 .  For a s i n g l e  S-IC engine f a i l u r e ,  a t  l eas t  e a r t h  
park ing  o r b i t  can be a t t a i n e d  except  f o r  f a i l u r e s  occur r ing  
w i t h i n  about 5 seconds of launch. Trans lunar  i n j e c t i o n  can be 
reached f o r  any S- I1  s i n g l e  engine f a i l u r e .  Dual s imultaneous 
engine f a i l u r e s  g e n e r a l l y  cause l o s s  of  v e h i c l e  c o n t r o l  u n t i l  
t h e  l a t e r  p o r t i o n s  of  bo th  S - I C  and S- I1  s t a g e  f l i g h t .  Apollo 
15 c a p a b i l i t y  is  improved over t h a t  of Apollo 1 4  due p r i m a r i l y  
t o  a r educ t ion  i n  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  commit c r i t e r i o n .  
Sa fe  mission a b o r t s  can be performed f o r  a l l  engine  f a i l u r e s  
which cause loss  of v e h i c l e  c o n t r o l  wi th  t h e  p o s s i b l e  except ion  
of s i n g l e  S - I C  ‘engine f a i l u r e s  occur r ing  immediately a f t e r  launch. 
I n  these cases safe a b o r t s  cannot be a s su red  due t o  lack of 
e f f e c t i v e  a b o r t  cues.  
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MEMORANDUM FOR FILE 

An analysis of Apollo 15 (AS-510) launch vehicle 
flight including engine-out malfunctions has been completed 
at MSFC (Reference 1). The analysis was conducted for a 
J-type lunar landing mission launched on July 26, 1971, at an 
80" launch azimuth and employing the first opportunity trans- 
lunar injection. The performance capability of the launch 
vehicle for engine-out malfunctions is presented in Figures 
1-4. The data are given in the form of bar graphs which indicate 
the capability of the vehicle to achieve the various performance 
plateaus of the mission - translunar injection (TLI), earth 
parking orbit insertion (POI), and 70 nm perigee contingency 
orbit insertion (COI) - for given engine-out malfunctions. 
Both single and dual simultaneous engine failures for the 
S-IC and S-I1 stages are considered. 

In general, Apollo 15 engine-out capability is 
improved over that of Apollo 14 (Reference 2 ) .  The major 
differences between the Apollo 15 and Apollo 14 vehicles and 

which affect engine-out performance are: missions 

1. 

2 .  

3 .  

4. 

5. 

6. 

Revised TLI commit criterion. 

90 nm earth parking orbit. 

Smaller Flight Performance Reserve (FPR) require- 
ment ( 2 u  vs. 3 u ) .  

Lower inflight wind magnitudes for a July launch. 

Addition of S-IC center-engine-out tilt arrest 
logic in the flight program. 

Modified S-IC pitch/yaw control system. 
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TLI  c a p a b i l i t y  i s  improved p r imar i ly  because of t h e  r e v i s e d  
T L I  commit c r i t e r i o n  and t h e  new center-engine-out tilt arrest  
guidance. The T L I  commit c r i t e r i o n  f o r  Apollo 1 4  was the 
c a p a b i l i t y  t o  achieve  a 1 0 5 , 0 0 0  nm apogee o r b i t  a t  S- IVB 
second burn c u t o f f  (GCS2) thereby provid ing  f o r  a minimum 
l u n a r  landing  mission.  The Apollo 15 TLI commit c r i t e r i o n  
i s  t h e  c a p a b i l i t y  t o  achieve a 4 2 , 0 0 0  nm apogee o r b i t  a t  GCS2 
thereby  provid ing  f o r  a ' l u n a r  o r b i t  mission.* Vehicle  dynamics 
fo l lowing  an engine o u t  are gene ra l ly  reduced f o r  Apollo 1 5  
due t o  t h e  lower i n f l i g h t  w i n d  magnitudes. Dual engine-out  
c a p a b i l i t y  i s  for  t h e  m o s t  p a r t  unchanged from previous  v e h i c l e s .  

F igure  1 shows t h a t  the v e h i c l e  can reach a t  least  
P O I  w i t h  a s i n g l e  S-IC engine f a i l u r e  except  f o r  f a i l u r e s  
o c c u r r i n g  s h o r t l y  a f t e r  launch. C a p a b i l i t y  i s  a l s o  shown t o  
be lower f o r  outboard engine  f a i l u r e s  than f o r  a center engine 
f a i l u r e .  T h i s  lower c a p a b i l i t y  occurs  because the c e n t e r  engine 
i s  nominal ly  s h u t  down e a r l i e r  than  t h e  outboard  engines  and 
an outboard  f a i l u r e  then  r e s u l t s  i n  t w o  engines  be ing  o u t  a f t e r  
t h e  p r e s e t  c e n t e r  engine cu to f f  (CECO) t i m e .  Figure 2 i n d i c a t e s  
t h a t  TLI  can be reached f o r  any s i n g l e  S-I1 engine  f a i l u r e .  
F igu re  3 shows t h a t  S - I C  dual  s imultaneous engine f a i l u r e s  
r e s u l t  i n  loss of v e h i c l e  cont ro l  excep t  i n  the l a t e r  p o r t i o n s  
of f l i g h t .  F igure  4 i n d i c a t e s  t h a t  loss o f  c o n t r o l  occurs  f o r  
S- I1  a d j a c e n t  outboard engine f a i l u r e s  u n t i l  t h e  l a t e r  p o r t i o n s  
of f l i g h t .  Opposite S - I 1  engines  o u t  r e s u l t  i n  loss of c o n t r o l  
s h o r t l y  a f t e r  S-IC/S-I1 s epa ra t ion .  A t  l eas t  P O I  c a p a b i l i t y  
e x i s t s  f o r  f a i l u r e  of t h e  c e n t e r  and one c o n t r o l  engine.  A t  
l e a s t  C O I  c a p a b i l i t y  ( inc lud ing  use of an SPS burn)  e x i s t s  fo r  
e a r l y  S - I I / S - I V B  s t a g i n g  a f t e r  195 seconds of S - I 1  f l i g h t .  
E a r l y  s t a g i n g  w i l l  be performed a f t e r  t h i s  t i m e  i n  the  event  
t h r e e  o r  more S-I1 engines  f a i l  r a t h e r  than  performing a space- 
c r a f t  on ly  a b o r t .  

The engine-out malfunct ions t h a t  r e s u l t  i n  (1) tower 
or  pad c o l l i s i o n s ,  ( 2 )  s t r u c t u r a l  f a i l u r e  of t h e  v e h i c l e ,  o r  
( 3 )  manual o r  au tomat ic  abort cues make up t h e  r eg ions  l a b e l e d  
loss of  c o n t r o l .  I n  determining t h e  loss of c o n t r o l  r e g i o n s ,  
e f f e c t s  of a l l  malfunct ions were eva lua ted  f o r  an  o therwise  
nominal ly  performing v e h i c l e .  For malfunct ions where winds 
have a s i g n i f i c a n t  effect ,  the  v e h i c l e  was flown i n  t h e  maximum 
95 p e r c e n t i l e  J u l y  wind. The g u s t  was phased w i t h  the  malfunct ion 
t o  e s t a b l i s h  a w o r s t  case. For malfunct ions where winds do no t  

*For both  Apollo 14 and Apollo 1 5  engine-out  ana lyses ,  
performance c a p a b i l i t y  was e s t a b l i s h e d  assuming t h a t  one-sigma 
p r o p e l l a n t  r e s e r v e s  remain a t  d e p l e t i o n .  
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have a s i g n i f i c a n t  effect ,  t h e  average 50 p e r c e n t i l e  J u l y  
wind w a s  used. 
determined s u b j e c t  t o  t h e s e  assumptions,  t hey  do n o t  i n d i c a t e  
t h a t  loss of vehicle c o n t r o l  w i l l  always occur  f o r  t h e  s p e c i f i e d  
engine  f a i l u r e .  I n  g e n e r a l ,  loss of c o n t r o l  becomes more 
probable  t h e  ear l ier  t h e  engine f a i l u r e  occurs .  

Mission a b o r t s  a r e  r e q u i r e d  f o r  a l l  mal func t ions  which 
r e s u l t  i n  loss of v e h i c l e  c o n t r o l .  Sa fe  aborts can be performed 
excep t  i n  t h e  case of a s i n g l e  S - I C  engine f a i l u r e  occur r ing  
s h o r t l y  a f t e r  launch. N o  e f f e c t i v e  abort cues  are a v a i l a b l e  
f o r  these e a r l y  f a i l u r e s ,  and they  r e s u l t  i n  pad f a l l b a c k ,  hold- 
down p o s t  c o l l i s i o n ,  or  tower c o l l i s i o n .  
t o  0 . 2  seconds r e s u l t s  i n  pad fa l lback.  
between 0 . 2  and 1 .3  seconds r e s u l t s  i n  t h e  v e h i c l e  c o l l i d i n g  
w i t h  t h e  hoiddown p o s t s .  Tower c o l l i s i o n  occilrs fcr a tower- 
side engine o u t  p r i o r  t o  5.4 seconds.  
cannot  be assured .  During S- IC  f l i g h t ,  automatic  abort  i s  
i n i t i a t e d  f o r  a d u a l  engine  o u t  malfunct ion.  
a b o r t  i s  au tomat i ca l ly  i n h i b i t e d  j u s t  p r i o r  t o  CECO b u t  may be 
manually i n h i b i t e d  by the crew a t  any t i m e .  
f o r  t h e  c r e w  t o  i n h i b i t  automatic  a b o r t  i s  1 2 0  seconds a f t e r  
l i f t o f f  f o r  nominal f l i g h t  because s imultaneous engine f a i l u r e s  
p r i o r  t o  t h i s  t i m e  can cause pad f a l lback  o r  f a i l u r e  of  t h e  CSM 
s t r u c t u r a l  i n t e r f a c e .  The most ,probable  cues  f o r  a manual a b o r t  
due t o  d u a l  engine o u t  during S - I C  f l i g h t  a f t e r  1 2 0  seconds and 
d u r i n g  S-I1 f l i g h t  are (1) two engine-out l i g h t s  and ( 2 )  10° /sec  
o v e r r a t e  l i g h t .  The overrate cue occur s  because a d u a l  engine  
o u t ,  e s p e c i a l l y  simultaneous f a i l u r e  o f  a d j a c e n t  outboard eng ines ,  

Because t h e  loss of c o n t r o l  r eg ions  w e r e  

Any engine o u t  p r i o r  
Any c o n t r o l  eng ine  o u t  

I n  these cases  safe aborts 

The au tomat ic  

The planned t i m e  

causes  a l a r g e  t h r u s t  unbalance and 

2013-KPK-jab 

l a r g e  dynamic t r a n s i e n t s .  

1a-k 
Klaasen K. P. 
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